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ABSTRACT 


Two plastic mooring buoys have provided good service as part of 
moorings for the Fleet in San Diego Bay for a period of 4 years. One buoy 
with a hand lay-up fiberglass-reinforced polyester shell is in appreciably better 
condition than the other one with a spray-up shell of fiberglass-reinforced 
polyester resin. A third plastic buoy with an improved design Is in excellent 
condition after 1 year of service to the Fleet in Pearl Harbor. An analysis of 
the costs of purchasing and maintaining steel and plastic mooring buoys is 
presented. It indicates that after the present supply of World War I| mooring 
buoys is exhausted, the Naval Facilities Engineering Command field activities 
should use plastic mooring buoys as replacement becomes necessary. 


This document has been approved for public release and sale; its distribution is unlimited 


Copies available at the Clearinghouse for Federal Scientific & Technical 
Information (CFST1), Sills Building, 5285 Port Royal Road, Springfield, Va. 22151 


INTRODUCTION 


Because Naval Facilities Engineering Command field activities have 
difficulties and spend a great deal of time and money in maintaining steel 
mooring buoys, the Naval Civil Engineering Laboratory (NCEL) was assigned 
the task of investigating plastic mooring buoys as a means of reducing mainte- 
nance costs. Because the steel framework of the buoy Is filled with foam and 
covered with glass-reinforced plastic skin, the only steel components of the 
buoy exposed to hostile marine environment are the fittings used for securing 
the buoy to ships and ground tackle. 

The fabrication of two plastic mooring buoys is described in NCEL 
Technical Report R-365.' One buoy has an exterior shell composed of ten 
layers of fiberglass cloth impregnated with polyester resin; the other has an 
exterior shell composed of a spray-up coating of chopped fiberglass strands 
in polyester resin. The performance of these buoys while in service to the 
Fleet in San Diego Bay for a period of 3 years is described in Technical 
Report R-601.2 Reference 2 also describes the fabrication of another plastic 
mooring buoy of improved design. The exterior shell of this buoy consists of 
alternate layers of fiberglass cloth and mat impregnated with polyester resin. 

This report provides additional data on the condition of the first two 
buoys in San Diego Bay after 4 years and of the third buoy at Pearl Harbor 
after 1 year of service to the Fleet. It also presents cost data for purchasing 
and maintaining steel and plastic mooring buoys. 


CONDITION OF BUOYS 
San Diego Bay 


After about 4 years of service to the Fleet, the two plastic mooring 
buoys in San Diego Bay were lifted from the water onto the deck of a floating 
crane for their annual inspection required by BUDOCKS Instruction 1153.4B 
of 9 April 1965. During the previous year these buoys had received moderate 
to heavy usage. The marine fouling organisms were examined and then removed 
with a high-pressure stream of seawater (Figure 1) so that the underlying sub- 
strate could be examined. On both buoys there was moderate to heavy fouling 
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Figure 1. Hosing of marine fouling from hand lay-up buoy in San Diego Bay. 


similar to that on steel buoys exposed in the Bay for the same length of time. 
Fouling organisms included green algae (heaviest in the splash-zone), barnacles, 
tunicates, bryozoa, tube worms, and hydroids. The barnacles were compara- 
tively few in number but large in size. The organisms were rather easily removed 
(as they are from steel buoys) by high-pressure hosing with seawater. 


Hand Lay-Up Buoy. The hand lay-up buoy was still in very good 
condition after about 4 years of service to the Fleet. There was considerable 
superficial white staining by guano on the top and side (Figure 2). There was 
also rust streaking from the steel mooring eyes and hardware used to secure 
the fenders in place. The upper lateral fender, which had previously been torn 
loose by impact and later wired back in place, was still providing good protec- 
tion. The two test patches* made on the buoy side after one-half year of 
service were also in good condition. Most of the reflective glass beads embed- 


ded in the buoy coating had been lost above water, but many remained below 
water. 


* See Reference 2. 


Figure 2. Hand lay-up buoy in San Diego Bay after 4 years of service. 
Note guano staining on side and slight displacement of upper 
lateral fender. 


Spray-Up Buoy. The spray-up buoy (Figure 3) had continued to 
deteriorate slightly during the last year. The upper shoulder had numerous 
cracks in the outer skin from which rust was streaking (Figure 4). Guano 
buildup and staining were not so great as on the hand lay-up buoy. The 
exterior shell was cracked through to the polyurethane-foamed core in three 
places—one normally above the water (Figure 5) and two below (Figure 6). 
These cracks were over 1 foot in length, but did not permit sufficient passage 
of water to affect the flotation of the buoy or its service to the Fleet. The 
middle lateral fender, held in place by a steel cable, had also been displaced 
(Figure 5) by the impact of aship. The two test patches in the side (Figure 4) 
were in good condition. The above superficial damage did not seem to have 
any effect on the utilization of the buoy. 


Figure 4. Upper portion of spray-up buoy in San Diego Bay after 4 years of service. Note 
worn upper wooden fender, deteriorated shoulder, and square at bottom center. 


Figure 5. Side of spray-up buoy in San Diego Bay. Note displaced 
middle fender and crack in shell above it. 


Figure 6. Crack in shell of spray-up buoy located below waiter line. 


Pearl Harbor 


The plastic mooring buoy with the improved design was installed by 
Public Works Center, Pearl Harbor as part of a bow and stern mooring for a 
barge in a reserve area. As such, it receives much less abuse than do the two 
buoys in San Diego Bay. The buoy is examined quarterly by Public Works 
Center personnel; it was examined by the NCEL project scientist about 1 year 
after installation. The buoy at that time had heavy marine fouling, but very 
little corrosion or other deterioration. Rust streaking from the steel mooring 
eye and the hardware used to secure the fenders in place was very slight. The 
outer skin was also relatively free of dirt and yellowing. All in all, the buoy 
was in excellent condition (Figure 7). 

During inspection of the buoy it was brought to the author's attention 
that several steel mooring buoys at Pearl Harbor had been coated with alternate 
layers of fiberglass cloth and mat impregnated with polyester resin similar to the 
construction of the plastic buoy exposed at this location. Many of these buoys 
have had extensive yellowing of the white finish coat (Figure 8). A similar 
yellowing was observed on the exterior of the San Diego spray-up buoy at the 
time of initial installation. This yellowing appears to be related to degradation 
of the resin by ultraviolet light and suggests that an ultraviolet light absorber 
incorporated into the finish coat may be desirable. 


Figure 7. Plastic buoy after 1 year of service at Pearl Harbor. 


Figure 8. Steel mooring buoys at Pearl Harbor with yellowed 
fiberglass-reinforced polyester coating. 


COST COMPARISONS FOR STEEL AND PLASTIC 
MOORING BUOYS 


Cost data for purchasing and maintaining components of Fleet 
moorings are very difficult to obtain because of differences in design, number, 
type and frequency of use, and maintenance procedures from activity to 
activity. 


Procurement of Buoys 


The San Diego Bay plastic mooring buoys were fabricated efficiently; 
the contractor's cost breakdown for each buoy is shown in Table 1. The 
Pearl Harbor plastic mooring buoy was fabricated by a contractor who proved 
to be less efficient; his estimated cost was about $10,000. In all three cases, 
the costs included time spent on development of a fabrication procedure. Thus, 
amass production of plastic mooring buoys should lower significantly the cost 
per buoy. 


Table 1. Cost Data on Fabrication of San Diego Plastic Mooring Buoys 


Cost ($) for— 
Hand Lay-Up Buoy | Spray-Up Buoy 


Labor on materials other than plastics 1,327.58 1,327.59 
Labor on plastic materials V ZEN} 591.22 
Total labor (1 + 2) 2,558.81 1,918.81 
Total material 4,926.32 4,803.82 
Manufacturer's overhead (80% of 3) 2,047.05 FoS5105 
Total standard cost (3 + 4 + 5) 9,532.18 8,257.68 


General administration expense (20% 
of 3) 511.76 383.76 


Total burden (6 + 7) 10,043.94 8,641.44 


Steel buoys currently used by NFEC field activities were built in 
large quantities during World War ||. The surplus buoys were stored for use 
as required, and now these buoys have almost been exhausted. A few Mark || 
peg-top mooring buoys (Federal Stock Catalog No. 2050-275-7681) are still 
available at the Construction Battalion Center, Port Hueneme at a nominal 
price of $2,120 each. Before use as part of a mooring, these buoys require 
removal of the shop coating and recoating with a system suitable for marine 
exposure. Also, modification of the buoy might be necessary for a particular 
type of mooring operation. For example, at San Diego, the hawse pipe would 
be replaced with a tension bar. It is estimated that the complete fabrication 
of a new steel buoy ready for use in San Diego would cost between $10,000 
and $12,000, a price comparable to that of a plastic buoy. Thus, the relative 
maintenance costs of the two types of buoys would be the determining factors 
in the selection of either type of buoy once the limited supply of steel buoys 
is exhausted. 


Maintenance of Buoys 


Steel Buoys. It is difficult to separate the costs associated with maintain- 
ing mooring buoys from those of maintaining the rest of the mooring since both 
are rehabilitated together. Cost data were assembled for removal, overhaul, and 


reinstallation of four Fleet moorings by Public Works Center, San Diego. 
These were seven- and eight-legged moorings (BB Type) with Mark || peg-top 
riser-chain mooring buoys. The codes of the work center performing the 
various phases of the work are listed in Table 2. Sandblasting for surface 
preparation of metal for painting was done by Work Center 540 (General 
Support Shop). Both rigging and diving services fall under Work Center 540, 
and this number will refer to rigging service unless otherwise specified. 


Table 2. Identification of Work Center Codes 


Engineering Department; Civil Engineering Division 
Inspection Division 

Paint Shop 

General Support Shop 

Welding Shop 

Wharf Building Shop 

Utilities Shop 

Transportation Department (Equipment Rental) 
Automotive Operations 


Heavy Equipment Operations 


Rigging Service (also Diving Service) 


Heavy Equipment Maintenance 


Tables 3, 4, and 5 list Planning and Estimating Branch estimates for 
work scheduled for moorings 34, 35, 36, and 37, respectively. The actual 
man-hours spent to accomplish the work were considerably more than esti- 
mated. Also, labor costs have since increased by 10% and material costs by 
25% (40% for lumber, Work Center 534; 20% for paint, Work Center 525; 
and 10% for other materials). This is tabulated in Table 6 along with correc- 
tions for actual man-hours and material costs. From this table the projected 
(June 1969) average removal, overhaul, and reinstallation costs for the mooring 
were calculated to comprise 20%, 34%, and 43%, respectively, of the total 
rehabilitation costs. The costs associated with the buoy comprised about 


30% (an average of $2,345) and the ground tackle portion 70% (an average of 
$5,480). A higher percentage of costs for the ground tackle was due to high 
labor costs associated with sandblasting the chain prior to dip-coating. With 
three- and four-legged moorings the relative costs of the work should be about 
the same for the buoy as for the ground tackle. 

It should be noted that the factors affecting maintenance costs of 
rehabilitating moorings at San Diego may be quite different from those at 
other NFEC field activities. While conditions in San Diego are severe, condi- 
tions may be appreciably worse in tropical environments. In cold areas, factors 
contributing to corrosion should be appreciably less. The mooring maintenance 
operations at Public Works Center, San Diego are considered to be quite effi- 
cient, and maintenance costs at other field activities may be appreciably 
greater. Only a survey of data from other locations could indicate the relative 
maintenance costs at activities other than Public Works Center, San Diego. 

BUDOCKS Instruction 1153.4B of 9 April 1965 calls for (1) annual 
inspection of mooring buoys for damage, deterioration or corrosion, and 
physical condition of the ground tackle connected to the buoy, (2) lifting of 
buoys from the water every 3 years for painting and required repairs, and 
(3) hauling out of the water, inspecting, and rehabilitating the complete 
mooring assemblies every 3 years where there are adverse bottom conditions 
and every 5 years where there are favorable bottom conditions. Public Works 
Center, San Diego follows the 3-year program for both buoys and their ground 
tackle. 


Plastic Buoys. Very few data are available on the costs of maintaining 
plastic buoys. After 4 years of heavy duty in San Diego Bay, there is no evi- 
dence of significant deterioration on the hand lay-up buoy that would require 
removal ashore for repairs in the near future. The buoy at Pearl Harbor seems 
to have no significant deterioration after 1 year of service, and the overall 
appearance is better than that of the San Diego hand lay-up buoy after a simi- 
lar period of time. 


CONCLUSION 


NCEL studies? into cathodic protection of moorings indicate that it 
would be unnecessary to move moorings ashore for maintenance if the chains 
were protected from corrosion by sacrificial zinc anodes. It would seem logi- 
cal to utilize in conjunction with such a system a mooring buoy that gives a 
longer service life between periods of necessary overhaul than that of the 
presently used steel buoys. A plastic mooring buoy appears to fulfill this 
requirement. Reinforced plastic navigational buoys have also been shown* 
to be less expensive to maintain than comparable steel buoys. 


Table 3. Estimated Costs for Fleet Mooring 34 


Cost oe ce oe 


Phase of Work Work Center Man-Hours 


ee 

; : 

Removal of mooring i ) 
) 


Overhaul of mooring 


210 

700 

722 

724 
Reinstallation of mooring 728 (divers) 
728 (riggers) 

772 


total 


210 
332 
525 
540 
542 
543 
Total work 700 
722 
724 
728 (divers) 
728 (riggers) 
772 
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total 


* Information only 
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Table 4. Estimated Costs for Fleet Moorings 35 and 36 


(Cost estimates for both Fleet moorings were identical.) 


Costs ($) 
Phase of Work Work Center Man-Hours 


Removal of mooring 


Overhaul! of mooring 


210 


700 
722 27 
724 3 
Reinstallation of mooring 728 (divers) 768 
728 (riggers) 1,550 


772 


total 


622 (removal) 
622 (installation) 


Telephone removal and 
installation 


total 


210 

332 
525 
540 
542 
543 
622 
700 
722 
724 

728 (divers) 

728 (riggers) 

772 


Total work 


total 


* Information only 
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Table 5. Estimated Costs for Fleet Mooring 37 


Phase of Work 


Removal of mooring 


Overhaul of mooring 


Reinstallation of mooring 


Total work 


* Information only 


Work Center 


210 
700 
722 
724 
728 (divers) 
728 (riggers) 
Te 


total 


210 
332 
525 
540 
542 
543 
700 
722 
724 
728 (divers) 
728 (riggers) 
WIZ. 


total 


Man-Hours 


Costs ($) 


Materials 
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